A series of 20 novel chromone embedded [1,2,3]-triazoles derivatives were synthesized via an easy and convenient synthetic procedure starting from 2-hydroxy acetophenone. The in vitro anti-mycobacterial evaluation studies carried out in this work reveal that seven compounds exhibit significant inhibition against Mycobacterium tuberculosis H37Rv strain with MIC in the range of 1.56-12.5 µg ml −1 . Noticeably, compound 6s was the most potent compound in vitro with a MIC value of 1.56 µg ml −1 . Molecular docking and chemoinformatics studies revealed that compound 6s displayed drug-like properties against the enoyl-acyl carrier protein reductase of M. tuberculosis further establishing its potential as a potent inhibitor.
Introduction
Tuberculosis is a major infectious disease caused by Mycobacterium tuberculosis (Mtb) and it is estimated that there were 10.4 million new cases and 1.4 million deaths in 2015 alone, of which developing countries showed a major share [1] . Recent study reveals that the numbers of TB cases in India are two to three times higher than previously estimated suggesting that the global number of TB cases might be largely underestimated [2] . Furthermore, the emergence of a drug-resistant microorganism responsible for TB, especially multidrug-resistant one, along with lethal combination of TB and HIV infection makes this [1, 2, 3] -triazole analogues and their anti-tubercular activity; (b) our design of chromone embedded [1, 2, 3] -triazole framework as chimeric scaffold.
disease even more challenging [3] [4] [5] . In the last 50 years, only a few drugs have been approved by the FDA to treat TB. Therefore, the discovery and development of novel anti-TB agents with new chemotypes acting on novel drug targets is an important task for infectious diseases research programmes.
Natural products have a rich history as lead compounds for drug discovery. Further, natural products have contributed significantly to the current portfolio of anti-TB drugs, with one first-line drug (rifampicin) and several second-line agents (kanamycin, viomycin, etc.) being either natural products themselves or being derived from a natural product lead [6, 7] . Chromone frameworks are frequently found in a diverse array of natural products, that includes natural flavone/isoflavone products, therapeutically active drugs such as anti-inflammatory, anti-platelet, anti-microbial, antiobesity, anti-cancer agents, drug candidates for neurodegenerative diseases and adenosine receptors [8] [9] [10] . In fact, biological activities of these chromone molecules mainly depend on the conjugated biand tricyclic motifs with ketone functionality, but vary depending on the nature, position and variation of substituents. In this context, and in view of our continuing interest in the chemistry of privileged chromone motif [11] [12] [13] , in particular, the design and synthesis of natural products like small molecules based on the chromone motif for various biological applications, herein, we designed and synthesized a series of novel chromone embedded 1,4 disubstituted [1,2,3]-triazole analogues using chimeric approach [14] [15] [16] and evaluated their anti-mycobacterial potential against M. tuberculosis H37Rv (figure 1). The 2. Results and discussion 2.1 
. Synthesis
A four-step synthetic strategy was followed for the preparation of novel chromone embedded [1, 2, 3] triazoles 6a-t as outlined in scheme 1. At first, 3-formyl chromone 2 was synthesized by formylation of o-hydroxylacetophenone 1 using Vilsmeier-Haack reagent (POCl 3 in DMF) at 55°C for 5 h in 75% yield. Further, 3-formyl chromone 2 was treated for reduction with solid supported basic alumina in isopropanol at 75°C for 4 h to yield 3-hydroxyl methyl chromone 3 in 82% which was subsequently mesylated followed by azidation with sodium azide in DMF at 50°C for 5 h affording the key chromone embedded azide intermediate 4 in 93% yield. Finally, the [1, 2, 3] -triazole core was incorporated through copper catalysed 1,3 dipolar cycloaddition of 2-azido methyl chromone (4) with commercially available different alkyl/aryl terminal alkynes (5a-t) in the presence of sodium ascorbate in t-BuOH/H 2 O (1 : 1, v/v) solvent mixture. This resulted in the formation of chromone embedded triazole compounds (6a-t), respectively, in good to excellent yields (scheme 1). The structures of all the newly synthesized compounds 6a-t were confirmed by the 1 H NMR, 13 C NMR and mass spectral data (electronic supplementary material). In the 1 H NMR spectra of compound 6a (representative example), a signal corresponding to the CH 2 protons that bridge the chromone with triazole moiety was observed at δ 5.48 ppm (as a singlet). The corresponding 13 C resonance signal was delineated at δ 45.5 ppm and the chromone carbonyl was discernible at δ 176.7 ppm. In addition, the appearance of a sharp singlet for 1 proton observed at δ 8.22 ppm in the PMR, suggested the presence of 1,2,3 triazole C-H. The appearance of a sharp singlet (1H) observed at δ 8.15 ppm in the PMR, suggested the presence olefinic C-H of chromone moiety. The HRMS (ESI) for 6a shows the m/z at 304.1086 for C 18 H 13 
Anti-mycobacterial evaluation
All the new chromone embedded [1, 2, 3] -triazole derivatives (6a-t) were screened for their in vitro anti-tubercular activity against Mycobacterium tuberculosis H37Rv (ATCC27294) using MABA assay method (see the electronic supplementary material for detailed experimental procedure). The minimum inhibitory concentration (MIC; µg ml −1 ) was determined for each compound. The MIC is defined as the lowest concentration at which complete inhibition of bacterial growth was observed. Ethambutol and rifampicin were used as reference compounds. The MIC values of the synthesized compounds along with the standard drugs for comparison are reported in table 1.
Among the 20 chromone embedded [1, 2, 3] -triazole derivatives tested, seven compounds (6f-6h, 6m, 6o, 6p and 6s) were found to be active with MIC values in the range of 1.56-12.5 µg ml −1 . The compound 6s was found to be highly active among all the compounds tested with a MIC value of 1.56 µg ml −1 , which is 4.8 times more active than the standard drug ethambutol (MIC, 7.64 µg ml −1 ). The preliminary SAR of the chromone embedded triazole analogues reveals that the compounds bearing phenyl group (6a) as well as substituted phenyl such as 4-methyl, 4-ethyl, 4-propyl and 4-pentyl (6b, 6c, 6d and 6e) do not favour better activity, with the exception of 6f possessing 4-t-butyl group (MIC, 3.125 µg ml −1 ). It was also observed that alkoxy substitution at 4-position of the phenyl ring (6g and 6h) enhances the activity against Mtb. However, addition of another methyl group at 2-position of 6g leads to complete loss of activity, 6i (MIC, 50 µg ml −1 ). Further, replacement of phenyl group with naphthyl (6k) and pyridyl (6l) does not appear to enhance the activity (MIC, greater than 50 µg ml −1 ).
Interestingly, modification of the triazole core by changing R group from aromatic to aliphatic group (cyclic or acyclic) enhances the activity against Mtb. For example, the compound 6o possessing cyclopentyl substituent at R position and compound 6m possessing n-butyl substituent exhibit better activity (MIC, 3.125 and 6.25 µg ml −1 , respectively), with an exception of 6n possessing n-hexyl group (MIC, greater than 50 µg ml −1 ). Importantly, the most active compound in the series, 6s possess long aliphatic chain terminated with hydrophilic -OH as a capping group (MIC, 1.56 µg ml −1 ). [1, 2, 3] -triazoles.
Scheme 1. Synthesis of chromone embedded
All chromone embedded [1, 2, 3] -triazole analogues were also tested for in vitro cytotoxicity against RAW 264.7 cells at 50 µg concentration using (4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT) assay. All the analogues showed less than 50% inhibition, percentage inhibitions of cells are represented in table 1. The most promising anti-tubercular analogues 6f, 6g, 6h, 6m, 6o and 6s exhibited 20.12%, 28.40%, 18.68%, 36.82%, 18.42% and 24.68% growth inhibition, respectively, at 50 µg ml −1 . The results indicated that potent analogues 6f, 6h, 6o and 6s are comparatively less toxic and are suitable for further studies.
Computational studies
Mycobacterium tuberculosis inhibitors perform inhibitory action via different mechanistic pathways in the cell. We selected six validated protein targets from each pathway based on their role and importance (table 2) [24] . The biological significance of the selected proteins is discussed in detail herein. Thymidylate kinase (PDB ID: 1G3U) plays a role in the catalysis of the transfer of the phosphoryl moiety from the phosphoryl donor, ATP to TMP which is key intermediate for the DNA-blocking builds [25] . Lumazine synthase (PDB ID: 1W19) catalyses certain steps in riboflavin biosynthesis [26] .
Enoyl-acyl carrier protein (PDB ID: 1ZID) is essential for fatty acid synthase system (FAS-II) pathway in mycobacterial cells [27] , whereas pantothenate synthase (PDB ID: 3IUB) catalyses the condensation of pantonate with β-alanine to form pantothenate, a precursor coenzyme A biosynthesis [28] . MTB phosphotyosine B [MtbPtpB] (PDB ID: 2OZ5) blocks the signal regulated kinase and p-38 mediated by IL-6 thereby promoting mycobacterial survival in the host [29] . Dihydrofolate reductase (PDB ID: 
Preparation of macromolecule

Molecular docking
The molecular docking was performed and analysed via the Glide v. 6.8 docking tool [32] . The receptor grid was centred based on the active site of the protein using receptor grid generation tool. Ligands prepared using LigPrep were flexibly docked in grid box using Monte Carlo-based simulation algorithm. An extra precision (XP) method was employed that generated binding poses based on energy. The favourably docked molecules were ranked according to the Glide Score (tables 3 and 4).
Molecular docking analysis
Automated docking was used to assess the binding modes and conformation of the ligand molecules. Among the 20 chromone embedded [1,2,3]-triazoles, compounds 6f, 6h, 6o and 6s were considered as they showed significant activities (table 1) . 1ZID, enoyl-acyl carrier protein yielded better binding scores with four chromone-based triazoles when compared with the rest of the proteins ( Compound 6s gave a better score when compared with other compounds for the target proteins, with binding score ranging from −7.3 to −11.123 kcal mol −1 . Enoyl-acyl carrier protein reductase is involved in mycolic acid biosynthesis, the inhibition of which leads to the lysis of Mtb. The key intermolecular protein ligand interactions are depicted in figure 2 . Figure 2 represents the intermolecular amino acid interaction with the compounds 6f, 6h, 6s and 6o. Compound 6s showed highest binding energy values of −11.123 kcal mol −1 . Asp64, Trp222 and Tyr158 amino acids interacted with compound 6s showing high ligand exposure. Trp222 and Tyr158 had π -π interaction with the compound 6s. Compound 6f and 6o similarly showed π -π interaction with Phe149 and Thr196, respectively. Thus, the above results suggest that π -π interaction improves the docking scores. Compound 6s is bound to the active site amino acid residues in the pocket region as shown in figure 3a 
Chemoinformatics analysis
Six active compounds were analysed for their drug-like properties ( score of 0.25 which gave support to the positive results obtained in rule of five. ADME properties were predicted using PreADMET software [34] in order to check their potential as anti-tubercular compounds. The blood brain barrier (BBB) model values for compound 6s was 1.14616 which clearly lay in range suggesting the compound can penetrate the BBB on theoretical grounds. Most compounds displayed CaCo 2 cell permeability values above 25 nms [35] , topological polar surface area (TPSA) above 7.0 and the human intestinal absorption (HIA) quantities in the 50-100% range, indicating that they may be further developed in an oral dosage form [36] . Lazy structure activity relationships (LAZAR) software [37] predicted all the compounds as non-carcinogenic and non-mutagenic, and the probability greater than 0.025 suggesting the predictions to be reliable. The predicted favourable ADME features for compound 6s further indicates that it is a promising anti-tubercular lead candidate.
Conclusion
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chemical properties
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (3) To a stirred solution of 3-formyl chromone 2 (2 g, 5% of alumina weight) in 100 ml of 2-propanol, about 40 g of basic alumina was added. The resulting solution was stirred at 75°C for 4 h. The reaction mixture was filtered through celite bed and the solvent was removed under reduced pressure and the residue was purified by column chromatography on silica gel using 7 : 3 pet ether/ethyl acetate to afford compound 3; Viscous liquid, yield = 82%; IR (CHCl 3 , cm −1 ) ν max = 3423, 3019, 2925, 2403, 1643, 1469, 1406, 1347, 1217, 1155, 1023, 971, 918, 852, 763, 670; 1 (4) To a stirred solution of 3 (2.5 g, 14. 2 mmol) and Et 3 N (5.14 ml, 36.92 mmol), methanesulfonyl chloride (1.49 ml, 18.46 mmol) in CH 2 Cl 2 (30 ml) was added dropwise at 0°C. The resulting reaction mixture was stirred at 0°C for 1 h. After completion of the reaction (monitored by TLC), the reaction mixture was diluted with water (approx. 20 ml) and extracted with CH 2 Cl 2 (3 × 10 ml). The combined organic layers were washed with water and brine. The organic layer was dried over Na 2 SO 4 , filtered and concentrated. The crude mesylated product 3a (2.56 g, 71%) was further used for next step without any purification.
To a solution of crude mesylate 3a (2.5 g, 9. 84 mol) in anhydrous DMF (20 ml), sodium azide (1.6 g, 24.6 mmol) was added batchwise at room temperature. The resulting solution was heated to 50°C for 5 h. After completion of reaction (monitored by TLC) reaction mixture was poured into ice cold water (approx. 20 ml) and extracted with ethyl acetate (3 × 10 ml). The combined ethyl acetate layers were washed with brine, dried over Na 2 SO 4 , and evaporated in vacuo. The residue was purified by flash chromatography to affored azide 4; White solid, yield = 93%; mp = 50-52°C; IR (CHCl 3 , cm −1 ) ν max = 3369, 3018, 2922, 2855, 2107, 1648, 1416, 1407, 1349, 1268, 1217, 1106, 1028, 842, 759, 668; 1 6.1.4. General procedure for synthesis of chromone embedded [1, 2, 3] -triazole derivatives (6a-t)
To a stirred solution of azide 4 (1 equiv) and aliphatic/aromatic alkynes (5a-t) (1.3 equiv) in t-butanol (3 ml) was added sequentially copper sulfate pentahydrate (20 mol %), sodium ascorbate (20 mol %) and distilled water (3 ml). The resulting reaction mixture was stirred for 1-3 h at 60°C. After completion of the reaction (monitored by TLC), the reaction mixture was diluted with EtOAc (1 × 10 ml) and then washed with water (2 × 5 ml), the organic layer was separated, washed with brine solution (2 × 5 ml), dried over anhydrous sodium sulfate and concentrated in vacuo. The crude residue thus obtained was purified over silica gel column chromatography eluted with pet ether/ethyl acetate (1 : 1) to furnish corresponding chromone embedded [1, 2, 3] -triazole derivatives (6a-t).
6.1.5. 3-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)-4H-chromen-4-one (6a) Yellow solid; yield = 90%; mp = 154-155°C; IR (CHCl 3 , cm −1 ) ν max = 3685, 3357, 3022, 2923, 2402, 1649, 1523, 1469, 1423, 1353, 1216, 1030, 927, 765, 671; 1 
